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ABSTRACT 

A Metalworking Fluid (MWF) was obtained that produced an allergic reaction in 

the local lymph node assay (LLNA) with an EC3 = 4%, the EC3 being the estimaJed 

concentration needed to provoke a 3-fold allergy response. High performance liquid 

chromatography (HPLC) was used to separate, identify, and isolate the suspected 

allergen. The biocide, 4-chloro-3-methylphenol, was detected in the MWF as a 

chromatographic peak matching the retention time of an external standard. The 

technique of standard addition was used to quantify and confirm the presence of 4-

chloro-3-methylphenol at about 1 % (w/w). Preparative HPLC was used to fractionate 1 

gram of MWF separating the 4-chloro-3-methylphenol fraction from the remaining MWF. 

The two mobile phase solutions were concentrated back into a MWF and a 4-chloro-3-

methylphenol fraction. The original MWF and the reconstituted 4-chloro-3-methylphenol 

and MWF fractions were also analyzed by gas chromatography - mass spectrometry to 

confirm the isolation of the biocide. 
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INTRODUCTION 

Estimates indicate that more than 13 million workers in the United States are 

potentially exposed to chemicals that can be absorbed through the skin. A worker's skin 

may be exposed to hazardous chemicals through direct contact with contaminated 

surfaces, deposition of aerosols, immersion, or splashes. When substantial amounts of 

chemicals are absorbed, systemic toxicity can result. Contact dermatitis can also result 

when chemicals are absorbed through the worker's skin and is one of the most common 

chemically induced occupational illnesses, accounting for 1 0-15 percent of all 

occupational illnesses at an estimated annual cost of at least $1 billion. (NIOSH 2006)1• 
I 

Some 1.2 million workers in machine finishing, machine tooling, and other 

metalworking and metal-forming operations are potentially exposed. Workers can be 

exposed to the fluids by breathing aerosols generated in the machining process, or 

through skin contact when they handle parts, tools, and equipment covered with the 

fluids. The National Institute for Occupational Safety and Health (NIOSH) defines MWF 

aerosol as the mist and all contaminants in the mist generated during grinding and 

machining operations involving products from metal and metal substitutes. (NIOSH 

2006)1 

Worldwide usage of MWF is estimated to be 2 billion liters per year (Cheng, 

Phipps, & Alkhaddar, 2005)2• MWFs are divided into four classes based on their oil and 

water content: insoluble, soluble, semi-synthetic, and synthetic. Insoluble (or straight) 
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oil MWFs function mostly as lubricants, and are not diluted with water. Similar to 

straight oil MWFs, soluble oil MWFs are used to cool and lubricate tool surfaces, but are 
\ 

diluted with water. Semi-synthetic MWFs contain small amounts of oil and additives, 

while synthetic MWFs have no oil at all in its formula (NIOSH 1998)3. 

Besides water and oil, MWFs can contain hundreds of different compounds and 

additives such as amines, surfactants, emulsifiers, detergents, and biocides. These 

intentional additives.are chemicals used to modify the formula improving or enhancing 

its performance (Sheehan, 1999)4• Biocides are often times used to destroy the variety 

of microorganisms or fungi that can survive in MWFs (Cheng et al., 20052). If gram . 
negative bacteria are present, endotoxins are released. These endotoxins can 

contaminate MWFs and may enhance the allergic responses in exposed workers (Lim 

et al.)5. 

MWF exposure assessment has been a priority research area at the National 

Institute for Occupational Safety and Health (NIOSH) as evident by research dating 

back to the early 1970s (Glaser et. al.)6. In a 1998 document, Criteria for a 

Recommended Standard: Occupational Exposure to Metalworking Fluids, NIOSH 

recommended that the level of exposure for any given worker should not exceed 0.4 

mg/m3 of air (thoracic particulate mass) as a time weighted average concentration for up 

to a ten hour day during a forty hour week. Gravimetric and infrared spectrophotometric 

techniques, published in the NIOSH Manual of Analytical Methods as Methods 0500, 

5024,· and 5526, can be used to estimate MWF exposure.7 When using gravimetric or 
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infrared techniques, the results are limited to estimating the mass or concentration level 

of the MWF without the identification of its chemical composition (Verma et al. and 

Raynor, Kim, & Bhattacharya)8·•9• Because chemicals have very different toxicities, the 

toxicity of an exposure cannot be assessed without knowledge of the chemical 

composition. 

Little is known about the exact chemical make-up of each MWF because of the 

competitiveness of the industry and trade secrets. A method that can separate and 

identify the components of a MWF is needed to assist workers who develop allergic 

contact dermatitis. Analytical chromatography is a technique used to separate complex 

mixtures. In HPLC, compounds are separated on a chromatography column and elute 
I 

off as purified components. HPLC has been utilized to identify the presence of contact 

allergens and to isolate allergen bands or fractions (Lee, Ong, Koh, & Ong, and Wahl, 

Meineke, & Maasch).10•11 

In this project, semi-preparative HPLC was used to identify and isolate 4-chloro-

3-methylphenol from a metalworking fluid. About 1000 mg of sample is needed for a 

Local Lymph Node Assay {LLNA). 4-chloro-3-methylphenol has also been used in skin 

cosmetics. Andersen et. al. 12 determined that 4-chloro-3-methylphenol was a sensitizer 

in guinea pigs using 5 topical preparations and the cumulative contact enhancement 

test. However, that test may have overestimated the sensitizing potential of 4-chloro-3-

methylphenol because later studies using human skin patch testing showed only 2% of 

the 1462 subjects were allergic to this agent. They concluded that the results from 

guinea pig allergy tests cannot stand alone, but have to be validated by other sources of 
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information. Later in 1997, an expert panel reported in the International Journal of 

Toxicology a "Final Report on the Safety Assessment of p-Chloro-m-Cresol" that . 
concluded the available data was insufficient to support the safety of 4-chloro-3-

methylphenol for use in cosmetic products.13 As with cosmetics, the safety assessment 

of 4-chloro-3-methylphenol in metalworking fluids that contact the skin has insufficient 

data, and thus this study is to provide more data for safety assessment in metalworking 

fluids. 

2METH0DS 

2. 1 Instrumentation 

The HPLC system consisted of HP-1050 modular units that included an injector, 

a UV detector, and a quaternary solvent pump (Agilent Technologies, Palo Alto, CA, 

USA). UV light adsorption was monitored at 254 nm for analyte detection. The column 

was a 10 mm X 300 mm XTerra® Prep MS-C18 (Waters, Milford, MA, USA). The 

column had a 10 µm particle size, a 0.65 cm3/g pore volume, and an average pore 

diameter of 113 A. Mobile phase flow rate was 5.0 mUmin at room temperature, and 

the injection volume was 100 µL. This method used a ternary mobile phase system, . 

three solutions. The Dionex Al-450 Chromatography Data Acquisition Software was run 

on a Microsoft Windows PC system {Dionex Corp., Sunnyvale, CA, USA). 

2.2 Chemicals 
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The mobile phase solvents were ACS-HPlC grade hexane, 2-propanol, and 

acetonitrile from Burdick & Jackson (Honeywell Corp., Morristown, NJ, USA). Mobile 

Phase A used purified water from a Milli QTM Nanopure Water System Model D4751 

(Barnstead Int., Dubuque, Iowa USA). Formic acid, p.a. (pro analysi) grade, was added 

to mobile phase A at 0.1 %, v/v, (Acros Chemicals, New Jersey, USA). Mobile Phase B 

was 33.3% 2-propanol and 66.6% acetonitrile. Mobile Phase C was 33.3% 2-propanol 

and 66.6% hexane. A "universal solvent mixture" (USM) solution of methanol, 2-

propanol, and hexane (1 :1 :1 v/v/v) was prepared to dissolve the MWF concentrate. 

2.3 Identification and Quantification of 4-chloro-3-methylphenol in MWF 

A MWF sample was obtained from the National Toxicology Program, NTP. A 

standard of 4-chloro-3-methylphenol {chlorocresol) was obtained from Chem Service, 

Inc. (West Chester, PA, USA). The presence of 4-chloro-3-methylphenol in the MWF 

was determined by matching chromatographic peak retention times of the samples 

against the external standards. Then, the standard addition technique was performed to 

help confirm the identity of the peak and estimate the original amount of 4-chloro-3-

methylphenol in the MWF. Four solutions were prepared for standard addition analysis; 

A, B, C, and D. Solution (A) consisted of only 4-chloro-3-methylphenol external 

standard, 7.80 mg diluted in 10.00 ml of USM (0.780 mg/ml). Solution (B) consisted of 

only MWF, 1.878 g diluted in 25.00 ml of USM (75.12 mg/ml). This MWF solution was 

sonicated at 55°C and its density was determined. In Solution (C), 1.23 mg of 4-chloro-

3-methylphenol standard was added to 1.50 ml of MWF solution (+0.82 mg/ml). 
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Solution (D) consisted of 5.3 mg of 4-chloro-3-methylphenol added to 1.50 ml of MWF 

solution ( +3.53 mg/rnl). Using HPlC analysis, the retention times and peak areas of . 
the 4-chloro-3-methylphenol were determined for each solution. Injection volume was 

100 µl(0.1 ml). Table 2.3 was used for the ternary mobile phase gradient program 

Table 2.3 Mobile phase aradient program for analvtical liouid chromatooraohv. 
Time (minutes) % Mobile Phase A % Mobile Phase B % Mobile Phase C FlowmUmin 
0 100 0 0 0.1 
0.1 100 0 0 5.0 
10.0 50 50 0 5.0 
60.0 0 100 0 5.0 
90.0 0 0 100 5.0 
90.1 0 100 0 5.0 
100 0 100 0 5.0 
100.1 100 0 0 5.0 
110 100 0 0 5.0 

2.4 Fractionation Procedure 

To fractionate the 4-chloro-3-methylphenol from the MWF, the HPLC method 

was used, but with a truncated mobile phase program to save time as found in Table 

2.4. The injector was programmed for multiple 100 µL injections of MWF solution, ten 

times for a total of 1.0 ml of solution, onto the column in order to deliver 75 mg of MWF. 

This was done by programming 1 O injections per vial with a run stop time of 0.1 minutes 

for the first 9 injections, and then manually changing the run stop time to 60 minutes 

after the ninth injection. The HPLC effluent containing 4-chloro-3-methylphenol was 

diverted and captured during a predetermined retention time window into a 1 O ml test 

tube. It took 17 HPLC runs to process 1,275 mg of MWF into two fractions, a 4-chloro-3-
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methylphenol fraction and a MWF fraction without 4-chloro-3-methylphenol. To 

determine the efficiency of this method, cool-on-column gas chromatography - mass 

spectrometry (COC-GC-MS) analysis was done on each fraction for 4-chloro-3-

methylphenol. 

Table 2.4 Mobile phase gradient pro, ram for semi preparative liquid chromatoJraphy. 
Time (minutes) % Mobile Phase A % Mobile Phase B % Mobile Phase C FlowmUmi 
0 100 0 0 0.1 
0.1 100 0 0 5.0 
10.0 50 50 0 5.0 
20.0 40 60 0 5.0 
20.1 0 100 0 5.0 
30.0 0 100 0 '5.0 
30.1 0 0 100 5.0 
40.0 0 0 100 5.0 
40.1 0 100 0 5.0 
50.0 0 100 0 5.0 
50.1 100 0 0 5.0 
60.0 100 0 0 0.1 

3 RESULTS 

3. 1 Standard Addition 

HPLC analysis of solution A, the standard of 4-chloro-3-methlyphenol, produced 

chromatogram A in figure 3.1 with a peak at 26.62 minutes. The 0.078 mg of 4-chloro-3-

methlyphenol that produced the peak in chromatogram A was from an injection volume 

of 100 uL with a concentration of 0.780 mg/mL. Solution B, containing only MWF, 

produced a chromatogram with multiple peaks, but one was at 26.60 minutes. The 
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MWF sample solution contained 0.0751 g/ ml resulting in 7.51 mg of MWF being 

injected onto the column in chromatogram 8. Solution C with standard addition resulted . 
in chromatogram C with an increased height of the peak at 26.62 minutes. The 

increased peak height in solution C was the result of an added 0.082 mg or 0.82 mg/ml 

of 4-chloro-3-methlyphenol. Finally solution D with even more standard added resulted 

in an even higher peak area response at 26.62. See figure 3.1 The UV absorption peak 

area data for 4-chloro-3-methlyphenol from chromatograms a, b, and c were analyzed 

by least squares linear regression for their average relationship to the amount of 4-

chloro-3-methlyphenol in the MWF. The linear equation found was Y = 99734 733 X + 

8144831. The X intercept at Y = 0 estimated the amount of 4-chloro-3-methlyphenol in 

the MWF at 0.082 mg. There was 7.512 mg of MWF injected. Therefore, there was 

1 .10% 4-chloro-3-methlyphenol (w/w) in the MWF. See figure 3.2 
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HPLC Chromatograms of 4~hloro-3-methylphenol 
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Figure 3.1 

(c) 7.5 mg MWF + 0.082 mg 4-chloro-3-methyphenol 

(b) 7.5 mg MWF 
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A) Chromatogram of 0.078 mg 4-chloro-3-methylphenol standard. 
B) Chromatogram of 7.5 mg of MWF. 
C) Chromatogram of 7.5 mg of MWF with 0.082 mg of 4-chloro-3-methylphenol added. 
D) Chromatogram of 7 .5 mg of MWF with 0.350 mg of 4-chloro-3-methylphenol added. 
The retention time for 4-chloro-3-methylphenol was identified at 26.62 minutes from standard. 

n 



Quantification of 4-Chloro-3-methylphenol by 
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Figure 3.2 shows the quantification of 4-chloro-3-methylphenol by the standard a~dition 

technique. Least squares linear regression analysis of the 3 response data points 

against the amount of 4-chloro-3-methyphenol added resulted in a linear equation for 

peak area as a function of amount of analyte. The point where this line intercepts the X 

axis determined the amount of biocide in the MWF at 0.082 mg of 4-chloro-3-

methylphenol in 7 .512 mg of MWF or 1.1 O %. 
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3. 2 Fractionation 

Figure 3.2 shows an overlay of the 17 chromatograms produced during the 

fractionation process. The two vertical lines that overlay the chromatograms 

intersecting the X axis at 27.0 and 29.0 represent the collection window for the 4-chloro-

3-methylphenol peak. The mobile phase eluent containing 4-chloro-3-methylphenol was 

collected from each of the 17 runs between approximately 27 .0 and 29.0 minutes and 

pooled. The mobile phase before and after the window was also collected and pooled. 

The two pooled fractions were concentrated using a nitrogen evaporator at 60 °C to a 

final volume of 1275 µL back to the MWF samples original density of 1.0 g/mL. 
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Overlay of HPLC Fractionation Chromatograms 
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Figure 3.2 
This is an overlay of the 17 runs. The runs remain in order with the first one being the bottom 
chromatogram. With exception to the first chromatogram, the peak heights for each run were offset by 
100 units over the previous run. The two vertical lines represent the fractionation window of 
approximately 27.0 to 29.0 minutes. 
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3.3 COC-GC-MS Analysis of the Fractionations 

The original MWF solution, the isolated 4-chloro-3-methylphenol fraction, and the 

MWF fraction minus the 4-chloro-3-methylphenol fraction were analyzed by COC-GC­

MS. The total ion current (TIC) chromatogram resulting from COC-GC-MS analysis of 

the 4-chloro-3-methylphenol fraction showed only one peak after the solvent peak, 

Figure 3.3a. The identity of 4-chloro-3-methylphenol in that peak was confirmed by 

mass spectrometry through the high correlation of its mass spectrum with that of the 

library spectrum, Figure 3.3b. The parent ion at m/z of 142 was used in the future for 

more specific selected ion monitoring (SIM) analysis. An overlay of the three TIC 

chromatograms compared the 4-chloro-3-methylphenol content in each fraction Figure 

3.3c. The 4-chloro-3-methylphenol fraction chromatogram showed its one peak, while 

the original MWF sample and MWF-4-chloro-3-methylphenol fractions showed similar 

matrix profiles but the matrix response masked whether or not it contained 4-chloro-3-

methylphenol. Incidentally, a peak at about 18 minutes in the original MWF suffered loss 

during reconstitution. This peak was a pine scent component, terpineol, but otherwise 

the MWF fraction minus the 4-chloro-3-methylphenol appeared to contain all the other 

detectable components in the original matrix An overlay of the more specific SIM 

chromatograms extracted from the TIC chromatogram, showed that only the original 

MWF and the 4-chloro-3-methylphenol fraction contained the biocide and that there was 

no trace of 4-chloro-3-methylphenol in the MWF fraction minus the 4-chloro-3-

methylphenol fraction, i.e. it was completely resolved from the original MWF. 
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GC-MS Chromatogram of 4-chloro-3-fflethylphenol Fraction 
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The suspect allergen was found in GC-MS chromatogram, the peak located at 
approximately 21 minutes. 

82 



Cl) 
(.) 
C: 
ns 
't, 
C: 
::::s 
.c 
<( 

Mass Spectrum of 4-Chloro-3-methylphenol Fraction 
Compared to Library Spectrum 

4.0E+04 -

3.0E+04 

2.0E+04 -

1.0E+04 

O.OE+OO I il.,1 I 

,, .ii I.Ill, 'I 11 I 

10 10 20 30 , 0 50 60 70 0 90 100 ~ 10 120 130 1A 

-1.0E+04 

-2.0E+04 

-3.0E+04 

-4.0E+04 

m/z 

Figure 3.3b: 

I 

150 

The mass spectrum of the 4-chloro-3-methylphenol peak at 21 minutes (top) is shown. 
The reference mass spectrum of 4-chloro-3-methylphenol (bottom) is from National 
Institute of Advanced Industrial Science and Technology (AIST) 
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COC-GC-MS-TIC Chromatograms 
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The chromatograms of the original MWF sample, the MWF fraction, and the 4-chloro-3-
methylphenol (chlorocresol) fraction are shown. The upper chromatograms are of the 
sample using the cool-on-column injection gas chromatography with conventional 
electron impact mass spectrometry detection monitoring total ion current (COC-GC-MS­
TIC). The lower chromatograms are same chromatograms, but with selective ion 
monitoring for the chlorocresol 142 m/z ion (COC-GC-MS-SIM). 
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4 CONCLUSION 

An HPLC-UV method was developed that could separate, measure, and isolate 

the biocide, 4-chloro-3-methylphenol, in the MWF. The standard addition technique 

confirmed and quantified the content of 4-chloro-3-methylphenol in the MWF, and 

identified its retention time. COC-GC-MS analysis confirmed the presence of 4-chloro-3-

methylphenol in the MWF, its absence in the MWF fraction, and its presence in the 4-

chloro-3-methylphenol fraction. Multiple injections maximized the loading capacity of the 

semi-preparative column, 75 mg. It took 17 HPLC runs to fractionate 1275 mg of MWF 

for LLNA into two separated fractions. The semi-preparative HPLC method resulted in 

reproducible chromatograms for the seventeen fractionations of MWF. One run was 

sufficient to fractionate a metalworking fluid for COC-GC-MS analysis of the component. 

The two recovered fractions, the 4-chloro-3-methylphenol and the remaining MWF, 

were reconstituted by nitrogen evaporation to a volume of 1275 µL, i.e. to its original 

concentration. This method can be used to fractionate MWFs for COC-GC-MS analysis 

that requires trace enrichment and LLNA that requires 1000 mg of sample. 

5 DISCUSSION 

Previous studies have shown that this MWF was a potential cause of contact 

dermatitis and analysis of the fluid showed it to contain 4-chloro-3-methylphenol, a 

suspected allergen. Using HPLC, the 4-chloro-3-methylphenol was separated, 

identified, confirmed, quantified, and isolated from the MWF. This current analytical 
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method differs from IH methods where gravimetric analysis was used to determine the 

total mass concentrations of the MWF in air for assessment of worker exposure. In 

order to confirm that 4-chloro-3-methylphenol is an allergen, the LLNA needs to be 

performed on the separated fractions. If the fraction containing the suspect allergen 

produces the same allergenic response and the reconstituted MWF does not, then the 

allergen was identified. 

6 SUGGESTIONS 

To decrease the time it takes to process the desired amount of sample for LLNA, 

a larger HPLC preparative column and system can be used. The advantage of this 

system is that it used a standard HPLC analytical pump system, but the disadvantage 

was analytical pump systems are not designed for large preparative column flows and 

so the semi-preparative column was a compromise that required multiple runs. There 

are preparative HPLC systems commercially available that could have processed a 

gram in a single chromatogram. To decrease evaporation time, more than one 

evaporator can be utilized. Furthermore, this HPLC method appears to be versatile and 

applicable to many complex mixtures, and methodology may be used to identify and 

remove allergens from other complex mixtures. In the medicat field specifically, HPLC in 

combination with the LLNA approach could be used to help identify and remove 

allergens that cause allergic contact dermatitis (ACD) in individuals. 

86 



REFERENCES 

[1] National Institute for Occupational Safety and Health. (2006). 
http://www.cdc.gov/niosh/topics/skin/skinresearch 
http://www.cdc.gov/niosh/topics/metalworking 

[2] Cheng, C., Phipps, D., & Alkhaddar, R. M. (2005). "Treatment of Spent 
Metalworking Fluids," Water Research, 39(17), 4051-63. 

[3] National Institute for Occupational Safety and Health. (1998). NIOSH criteria for a 
recommended standard: Occupational exposure to metal working fluids (DHHS 
(NIOSH) Publication No. 98-102). Cincinnati, OH: U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control and 
Prevention, National Institute for Occupational Safety and Health. 

[4] Sheehan, M. J. (1999). Final Report of the OSHA Metalworking Fluids Standards 
Adv:isory Committee. Occupational Safety and Health Administration (OSHA). 

(51 Lim, C. H., Yu, I. J., Kim, H. Y., Lee, S. B., Kang, M. G., Marshak, D. R.~ & Moon, 
C. K. (2005). Inflammatory and Immunological Responses to Subchronic Exposure 
to Endotoxin-Contaminated Metalworking Fluid Aerosols in F344 Rats. 
Environmental Toxicology, 20, 212-218. 

[61 Glaser, R., Pretty, J., Brown, K., Arnold, J., Lunsford, R. A., & Park, S.H. (2003). 
"Analytical method research for metalworking fluids at the National Institute for 
Occupational Safety and Health (NIOSH)," Gefahrstoffe- Reinhaltung der Luft, 62, 
237-240. 

[71 National Institute for Occupational Safety and Health. (2003). NIOSH Manual of 
Analytical Methods (NMAM), 4th ed. (DHHS (NIOSH) Publication No. 94-113). 
Washington, DC: U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control and Prevention, National Institute for 
Occupational Safety and Health. 

[81 Verma, D. K., Shaw, D.S., Shaw, M. L., Julian, J. A., McCollin, S. A., & des 
Tomber, K. (2006), "An Evaluation of Analytical Method~. Air Sampling 
Techniques, and Airborne Occupational Exposure of Metalworking Fluids," Journal 
of Occupational and Environmental Hygiene, 3, 53-66. 

[91 Raynor PC, Kim SW, & Bhattacharya M. (2005), "Mist generation from 
metalworking fluids formulated using vegetable oils." Ann Occup Hyg., 49(4):283-
93 

[10] Lee, B. L., Ong, H. Y., Koh, D., and Ong, C. N. (1994), "High-performance liquid 
chromatographic method for determination of dehydroabietic and abietic acids, the 
skin sensitizers in binding adhesive," Journal of Chromatography A, 685, 263-269. 

87 



[11] Wahl, R., Meineke, D., & Maasch, H.J. (1987). Molecular Weight Determination of 
I 

Allergen Extracts and Isolation of Allergenic Molecules by High-Performance 
Liquid Chromatography. Journal of Chromatography A, 397, 307-312. 

[12] Andersen K. E., Carlsen L., Egsgaard H, & Larsen E. (1985), "Contact sensitivity 
and bioavailability of chlorocresol," Contact Dermatitis 13 (4), 246-251. 

[13] Final Report on the Safety Assessment of p-Chloro-m-cresol, International Joumal 
of Toxicology, 16(3), 235-268. 

88 



Society of Tribologists & Lubrication Engineers 
I 

62°d Annual Meeting of the 
Society· of Tribolo.gists and 

Lubrication Engineers 
2007 

May 6-10, 2007 
Philadelphia, Pennsylvania, USA 

Volume 1 of 2 

Printed from e-medla with permission by: 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY 12571 
www.proceedings.com 

ISBN: 978-1-60423-326-1 
.. 

Some format lssu.es Inherent in the e-medla version may also appear in this print version. 




